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TECHNIQUES FOR REDUCING BOWING IN POWER TRANSISTOR DEVICES 



Cross-Reference to Related Applications 

The present invention is related to U.S. Patent Application Number 10/628,941, 
5 filed on July 29, 2003, and entitled "Techniques for Curvature Control in Power Transistor 
Devices," the disclosure of which is hereby incorporated by reference. 

Field of the Invention 

The present invention relates generally to power transistor devices, and more 
10 particularly to techniques for reducing bowing experienced in such devices. 

Background of the Invention 

Power transistor devices, e.g., radio frequency (RF) power transistors, operate at a 
high junction temperature. It is desirable for power transistor device assemblies to have a high 

15 thermal conductivity for proper performance and reliability. Thus, efforts are made during the 
processing of such power transistor devices to ensure that proper thermal coupling exists 
between a given device and a heat sink upon which the device is typically mounted, so that 
sufficient heat removal is attained. 

The use of an ultra-thin device, achieved by thinning or otherwise processing the 

20 device substrate, is one technique employed to improve the thermal conductivity and thus 
enhance device performance. However, due to the thinning of the substrate and to stresses 
associated with device components, bowing of the device often occurs. Bowing presents an 
issue for handling and attaching the device, e.g., to the heat sink. More specifically, a bowed 
device is difficult to pick up, place and attach with a uniform and planar bondline. 

25 Typically, reflow mounting is used to solder a power transistor device to a heat 

sink. Metals are often deposited on the substrate to provide a robust surface for attachment to the 
heat sink. For example, a titanium (Ti)-containing adhesion layer, deposited directly on the back 
side of the substrate, is commonly used for a number of solder systems. However, these metals, 
and Ti in particular, have high inherent stresses that only add to the bowing of the device. 

30 Bowing of the device may cause voids to form between the device and the heat 

sink, resulting in an unfavorable and non-uniform mating of surfaces, and thus inadequate heat 
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removal characteristics. Accordingly, there exists a need for power transistor devices which 
exhibit a reduced amount of bowing. 

Summary of the Invention 

5 The present invention provides power transistor devices and techniques for 

reducing bowing in such devices. In one aspect of the invention, a power transistor device is 
provided. The power transistor device comprises a substrate, a device film formed on the 
substrate and an adhesion layer formed on a side of the substrate opposite the device film, 
wherein at least a portion of the adhesion layer is at least partially segmented. The power 

10 transistor device thereby exhibits a reduced amount of bowing relative to an amount of bowing 
expected without the segmenting of the adhesion layer. The power transistor device may be part 
of an integrated circuit. 

In another aspect of the invention, a method of processing a power transistor 
device is provided. In the method, a device film is formed on a substrate, an adhesion layer is 

15 formed on a side of the substrate opposite the device film, and at least a portion of the adhesion 
layer is at least partially segmented. The power transistor device thereby exhibits a reduced 
amount of bowing relative to an amount of bowing expected without the segmenting of the 
adhesion layer. 



20 Brief Description of the Drawings 

FIG. 1 illustrates a power transistor device configuration having a blanket 

adhesion layer; 

FIG. 2 illustrates a power transistor device configuration having a segmented 

adhesion layer; 

25 FIG. 3 illustrates an exemplary technique for producing a power transistor device 

having a segmented adhesion layer; and 

FIGS. 4A-B illustrate exemplary adhesion layer configurations. 



Detailed Description 

30 FIG. 1 illustrates one possible power transistor device configuration, namely a 

power transistor device having a blanket adhesion layer. In FIG. 1, a cross-section 100' of power 
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transistor device 100 comprises device film 103, substrate 102 and blanket adhesion layer 104. 
As shown in FIG. 1, power transistor device 100 may also comprise additional metal layers, e.g., 
metal layers 106 and 108 which may be implemented, for example, in attaching power transistor 
device 100, e.g., by soldering to a metal heat sink. 
5 For example, metal layer 106 may comprise a barrier material that prevents any 

species present in blanket adhesion layer 104 from migrating into, e.g., metal layer 108. Metal 
layer 108 may comprise a wettable material compatible with soldering attachment techniques. 
Accordingly, metal layer 106, when comprising a barrier material, can prevent blanket adhesion 
layer 104 species from migrating into and contaminating the wettable material of metal layer 

10 108. As is described below, species that migrate into and contaminate the wettable material may 
undergo oxidation and interfere with attachment of power transistor device 100. 

Accordingly, the power transistor device configuration sho^yn in FIG. 1 comprises 
device film 103 on a side of substrate 102. Blanket adhesion layer 104 is present on a side of 
substrate 102 opposite device film 103. Metal layer 106 is present on a side of blanket adhesion 

15 layer 104 opposite substrate 102. Metal layer 108 is present on a side of metal layer 106 
opposite blanket adhesion layer 104. 

Certain stresses are inherent in blanket adhesion layer 104, as well as in metal 
layers 106 and 108. For example, stresses present in a 1,000 angstrom (A) thick titanium (Ti) 
blanket adhesion layer may be greater than or equal to about lxlO 10 dynes per square centimeter 

20 (dynes/cm 2 ), and in fact are typically greater than or equal to about lxlO 11 dynes/cm 2 . 

These stresses, if not counterbalanced, can cause power transistor device 100 to 
bow. At least a portion of the stresses inherent in the layers may be counterbalanced through the 
use of a robust substrate which resists curvature. However, having a robust substrate can 
negatively affect the thermal properties of the device. 

25 Thinning the substrate, e.g., by chemical-mechanical polishing (CMP) processing, 

can improve the thermal properties of the device, but at the same time reduce the ability of the 
substrate to counterbalance the stresses inherent in the layers. As a result, the power transistor 
device bows after such processing is performed. 

The amount of stress present in an adhesion layer is independent of the thickness 

30 of the layer. However, factors such as layer thickness and substrate thickness do affect bowing 
of the device. Namely, the magnitude of the bowing is directly proportional to the thickness of 



3 



Brennan 3-82-47 



the adhesion layer, and inversely proportional to the thickness of the substrate. For example, for 
a given substrate thickness, reducing the adhesion layer thickness from about 1,000 A to about 
500 A reduces the amount of bowing experienced in the device by a factor of two. Bowing 
makes handling and attachment of the device, e.g., on a heat sink, difficult. 
5 FIG. 2 illustrates a power transistor device configuration having a segmented 

adhesion layer according to an exemplary embodiment of the present invention. Namely, in FIG. 
2, a cross-section 200 r of power transistor device 200 comprises device film 203, substrate 202, 
segmented adhesion layer 204, barrier layer 206 and wettable-surface layer 208. Specifically, 
power transistor device 200 comprises device film 203 formed on a side of substrate 202. 
10 Segmented adhesion layer 204 is present on a side of substrate 202 opposite device film 203. 
Barrier layer 206 is present on a side of segmented adhesion layer 204 opposite substrate 202. 
Wettable-surface layer 208 is present on a side of barrier layer 206 opposite segmented adhesion 
layer 204. 

Device film 203 is typically present as a layer, e.g., formed, on a surface of 
15 substrate 202. The term "device film" as used herein is intended to include any arrangement of 
one or more material layers which forms at least a portion of a power transistor device. 

Substrate 202 may comprise any suitable semiconductor substrate material, 
including, but not limited to, silicon. As described above, to enhance the thermal properties of 
power transistor device 200, substrate 202 may be processed. For example, substrate 202 may be 
20 subject to chemical-mechanical polishing, wherein the thickness of substrate 202 is reduced. 

The amount of bowing experienced by power transistor device 200, as compared 
to power transistor device 100 shown in FIG. 1 above, is reduced. The reduced bowing is 
attributable to the configuration of segmented adhesion layer 204. Namely, an amount of 
bowing experienced by power transistor device 200 may be reduced or substantially eliminated 
25 by segmenting the adhesion layer, as will be described in detail below. 

The term "segmented," as used herein, is meant to include any configuration 
wherein at least a portion of a layer is at least partially non-continuous along a lateral dimension 
thereof. For example, segmented adhesion layer 204 may comprise a uniformly segmented layer 
having evenly spaced and distinct islands 210 separated by voids 212, such as in the 
30 configuration shown in FIG. 2. 
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Alternatively, segmented adhesion layer 204 may comprise a non-uniformly 
segmented layer having islands 210 variably spaced laterally within the layer. As another 
example, the voids may be of different heights and widths, and a given void need not extend 
through the entire layer thickness. Numerous other types of segmenting of the adhesion layer 
5 204 may be used to provide reduced bowing in accordance with the invention. Different 
segmenting conformations may be produced in accordance with the techniques provided in detail 
below. 

The term "island," as used herein, denotes a distinct portion or segment of a layer 
at least partially separated from other portions of the layer, e.g., as compared to a blanket layer. 

10 Thus, for example, segmented adhesion layer 204 may comprise adhesive metallic material, as 
will be described in detail below, arranged in distinct islands 210 at least partially separated from 
each other by voids 212. 

Segmented adhesion layer 204 may comprise any suitable adhesive metallic 
material, including, but not limited to, Ti, nickel (Ni) and combinations comprising at least one 

15 of the foregoing adhesive metallic materials. In an exemplary embodiment, segmented adhesion 
layer 204 comprises Ti. Segmented adhesion layer 204 may have a thickness of less than or 
equal to about 1,000 nanometers (nm). For example, segmented adhesion layer 204 may have a 
thickness of between about 100 A to about 1,000 nm. 

Further, voids 212 may extend fully through segmented adhesion layer 204, such 

20 as in the configuration shown in FIG. 2. Alternatively, as indicated above, one or more of voids 
212 may extend only a part of the way through segmented adhesion layer 204. Also, according 
to the techniques presented herein, segmented adhesion layer 204 may comprise a single void 
212 that extends at least a part of the way through segmented adhesion layer 204. 

Each of voids 212 may be free of material, or alternatively, may comprise a low 

25 stress material. When one or more of voids 212 are free of material, each such void comprises a 
space, e.g., between islands 210. When one or more of voids 212 comprise a low stress material, 
the low stress material is typically a low stress polymer. The term "low stress material" is 
intended to include, without limitation, any material, including a low stress polymer, having an 

9 2 

inherent stress of less than or equal to about 2x10 dynes/cm . 
30 As was mentioned above, bowing of power transistor device 200 may be reduced 

by segmenting the adhesion layer. Namely, by segmenting the adhesion layer, the stress present 
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in that layer (typically in the range of between about lxl 0 10 dynes/cm 2 to about lxlO n 
dynes/cm 2 , as described above) is apportioned over the dimensions of each segment, e.g., island, 
of the layer, rather than to a single blanket layer. 

The amount of bowing experienced in a power transistor device having a 
segmented adhesion layer may be quantified using the following equation: 



*p ^^^adhesion 
adhesion 

area D 



wherein T s is the substrate thickness, T a dhesion is the segmented adhesion layer thickness, 

10 area adhesion is the average total surface area of each of the segments in the adhesion layer and 
area D is the total surface area of the power transistor device. For example, segmenting a 1,000 A 
thick adhesion layer for a power transistor device having a 50 micrometer (^m) thick substrate 
can effectively apportion the overall stress inherent to the adhesion layer to distinct segments, 
and thereby reduce bowing of the device by up to a factor of two. 

15 Barrier layer 206 and wettable-surface layer 208 may also contribute to bowing of 

the device, and as such, barrier layer 206 and/or wettable-surface layer 208 may also be 
segmented; as is described in detail below. However, according to the techniques presented 
herein, having segmented adhesion layer 204 as the only segmented layer of power transistor 
device 200, reduces bowing sufficiently to allow for proper handling and attaching of power 

20 transistor device 200, e.g., to a heat sink. 

Barrier layer 206 may comprise any suitable barrier metal, including, but not 
limited to, platinum (Pt), niobium (Nb) and combinations comprising at least one of the 
foregoing barrier metals. Barrier layer 206 prevents materials present in segmented adhesion 
layer 204, e.g., Ti, from diffusing through wettable-surface layer 208 and oxidizing on the 

25 surface of wettable-surface layer 208. The presence of oxidized materials on wettable-surface 
layer 208 will affect the attachment of solder to the device. Further, barrier layer 206 prevents 
any reaction from occurring between the materials present in segmented adhesion layer 204 and 
wettable-surface layer 208. 
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While barrier layer 206 is shown in FIG. 2 as a continuous, blanket layer, 
according to the techniques presented herein, barrier layer 206 might be uniformly or non- 
uniformly segmented, with voids extending at least a part of the way through the layer. Barrier 
layer 206 may have a thickness of less than or equal to about 200 nm. For example, barrier layer 
5 206 may have a thickness of about 1 80 nm. 

Power transistor device 200, in the FIG. 2 embodiment, further comprises 
wettable-surface layer 208 deposited on a side of barrier layer 206 opposite segmented adhesion 
layer 204. Wettable-surface layer 208 may comprise any metal that does not oxidize and that 
does not intermix with solders that may be employed to attach power transistor device 200, e.g., 

10 to a metal heat sink. Suitable metals include, but are not limited to, gold (Au), tin (Sn), silver 
(Ag), lead (Pb), germanium (Ge), bismuth (Bi), indium (In) and combinations comprising at least 
one of the foregoing metals. 

While wettable-surface layer 208 is shown in FIG. 2 as a continuous, blanket 
layer, according to the techniques presented herein, wettable-surface layer 208 might be 

15 uniformly or non-uniformly segmented, with voids extending at least part of the way through the 
layer. Wettable-surface layer 208 may have a thickness of less than or equal to about 200 nm. 
For example, wettable-surface layer 208 may have a thickness of about 180 nm. 

It is to be appreciated that power transistor device 200 may be implemented as 
part of an integrated circuit, or in other implementations. 

20 FIG. 3 is a diagram of an exemplary technique for producing a power transistor 

device having a segmented adhesion layer. In step 302 of FIG. 3, metallic material, e.g., Ti 
and/or Ni, is deposited on a surface of substrate 314 using standard deposition techniques to form 
adhesion layer 316. Suitable deposition techniques include, but are not limited to, sputtering, 
electron beam deposition and combinations comprising at least one of the foregoing deposition 

25 techniques. In an exemplary embodiment, adhesion layer 316 is sputtered onto substrate 314. 

Photoresist material is then deposited on adhesion layer 316 using standard 
deposition techniques to form photoresist layer 318. Suitable deposition techniques include, but 
are not limited to, sputtering, electron beam deposition and combinations comprising at least one 
of the foregoing deposition techniques. In an exemplary embodiment, photoresist layer 318 is 

30 sputtered onto adhesion layer 3 1 6. 
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In step 304 of FIG. 3, photoresist layer 318 is patterned using standard 
lithography techniques, including, but not limited to electron beam lithography. In step 306 of 
FIG. 3, the pattern from photoresist layer 318 is transferred to adhesion layer 316 using standard 
lithography techniques, including, but not limited to electron beam lithography. As such, islands 
5 320 are formed in adhesion layer 316. In step 308, photoresist layer 318 (of steps 302-306) has 
been removed, revealing adhesion layer 316 now having distinct segmentation therein. 

In step 310 of FIG. 3, barrier layer 322 is deposited on adhesion layer 316. 
Barrier layer 322 may be deposited using any suitable deposition techniques, including, but not 
limited to, sputtering, evaporation deposition and combinations comprising at least one of the 

1 0 foregoing deposition techniques. 

In step 312 of FIG. 3, wettable-surface layer 324 is deposited on barrier layer 322. 
Wettable-surface layer 324 may be deposited using any suitable deposition techniques, 
including, but not limited to, sputtering, evaporation deposition and combinations comprising at 
least one of the foregoing deposition techniques. 

15 The particular steps shown in FIG. 3 are presented by way of example only, and 

should not be construed as requirements of the invention. Similarly, the materials, dimensions 
and other characteristics associated with particular device layers and other elements may be 
varied in alternative embodiments. 

The techniques depicted in step 302 through step 308 of FIG. 3, described above, 

20 show patterning of the adhesion layer along a single axis of the device. FIG. 4A illustrates a 
power transistor device wherein an adhesion layer, e.g., adhesion layer 316, is patterned along a 
single axis of the device, i.e., along the y-axis. The power transistor device of FIG. 4A shows 
only two layers, namely adhesion layer 316 formed on substrate 314, which is done to better 
illustrate the patterning of adhesion layer 316. It is to be understood, however, that the power 

25 transistor device may comprise one or more other layers, such as those depicted, for example, in 
FIG. 2, and may be processed according to the steps presented, for example, in FIG. 3. 
Segmenting adhesion layer 316 according to this particular embodiment would result in islands 
320 comprising strips of adhesive metallic material that make up adhesion layer 316. 

The power transistor device shown depicted in FIG. 4A has a circular shape. 

30 However, according to the techniques presented herein, the power transistor device may have 
any suitable shape, including, but not limited to, a circular shape. 
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The techniques presented herein are however not limited to any particular 
patterning configuration. For example, patterning of the adhesion layer may occur along 
multiple axes of the device. FIG. 4B illustrates a power transistor device wherein an adhesion 
layer, e.g., adhesion layer 316, is patterned along two intersecting axes of the device, i.e., along 
5 the x-axis and y-axis. Segmenting adhesion layer 316 according to this particular embodiment 
would result in islands 320 comprising divided strips. 

Thus, although illustrative embodiments of the present invention have been 
described herein, it is to be understood that the invention is not limited to those precise 
embodiments, and that various other changes and modifications may be made by one skilled in 
10 the art without departing from the scope or spirit of the invention. 
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